ABSTRACT. The aim of this study was to estimate genetic parameters via mixed models and simultaneously to select Jatropha progenies grown in three regions of Brazil that meet high adaptability and stability. From a previous phenotypic selection, three progeny tests were installed in 2008 in the municipalities of Planaltina-DF (Midwest), Nova Porteirinha-MG (Southeast), and Pelotas-RS (South). We evaluated 18 families of half-sib in a randomized block design with three replications. Genetic parameters were estimated using restricted maximum likelihood/best linear unbiased prediction. Selection was based on the harmonic mean of the relative performance of genetic values method in three strategies considering: 1) performance in each environment (with interaction effect); 2) performance in each environment (with interaction effect); and 3) simultaneous selection for grain yield, stability and adaptability. Accuracy obtained (91%) reveals excellent experimental quality and consequently safety and credibility in the selection of superior progenies for grain yield. The gain with the selection of the best five progenies was more than 20%, regardless of the selection strategy. Thus, based on the three selection strategies used in this study, the progenies 4, 11, and 3 (selected in all environments and the mean environment and by adaptability and phenotypic stability methods) are the most suitable for growing in the three regions evaluated.
INTRODUCTION
The worldwide demand for clean, renewable, and sustainable fuels to replace or supplement fossil fuels has made biofuels a great alternative (Freitas et al., 2016) . Currently, there are different types of biofuels, especially biodiesel, which can be obtained from any vegetable oil and whose production has strong social, economic, and environmental advantages (Freitas et al., 2011; Santos et al., 2016) . Jatropha (Jatropha curcas L.) is a perennial crop with the potential for high quality oil production for producing biodiesel. Despite having wide adaptability to diverse environments in Brazil, the species is in the domestication phase, and no cultivars and cropping system have yet been validated for the different producing regions in the country (Dias et al., 2012) . Thus, the selection of high adaptability and stability genotypes is needed so that this oleaginous crop can be established as an alternative for biodiesel production (Laviola et al., 2014) .
Progeny tests are a type of genetic design that are most used in plant species breeding programs because they allow for the estimation of the additive variance of traits with complex inheritance, governed by several genes of small effect. In developing a new variety of Jatropha, the performance of the best progenies in different environments should be considered (Bhering et al., 2013) . Differential response of plants or genotypes to environmental changes is of great importance for different crop breeding programs, since the genotype X environment (G X E) interaction limits selection gains that are necessary to estimate the magnitude and nature of this interaction. These estimates enable the actual impact of selection to be assessed and ensure high reliability in genotype recommendations for a given location or environment groups .
However, despite its importance, a simple analysis of the G X E interaction does not provide complete and accurate information about the behavior of each genotype in various environmental conditions. It is necessary to perform adaptability and phenotypic stability analysis, identifying genotypes with predictable behavior, which are responsive to environmental variations in specific or broad conditions (Cruz et al., 2012) . Thus, selection methods that incorporate stability and adaptability in a single statistic can be considered superior compared to those that use only the yield as selection criteria (Resende, 2007) .
The use of mixed models for analyzing the stability and adaptability of genotypes was proposed for perennial crops such as pine (Resende et al., 1996) , and its application has been widespread in the analysis of several crops, both perennials and annuals. A restricted maximum likelihood (REML) procedure estimates variance components necessary for the model, while the best linear unbiased prediction (BLUP) estimates the genotypic value (Resende, 2007) , producing three statistics: harmonic mean of genetic values (HMGV), relative performance of genetic values (RPGV), and harmonic mean of the relative performance of predicted genetic values (HMRPGV).
This methodology allows correlated errors within sites to be considered, as well as the stability and adaptability in the selection of superior genotypes; it provides genetic values accounting for experimental error; and it can be applied to any number of environments. In addition, this method, unlike other methods, generates results in the unit itself or the scale of the assessed trait, which can be interpreted directly as genetic values. This model also allows additional inferences to be made, such as the following: selecting specific genotypes for each location; selecting stable genotypes across locations; selecting genotypes responsive (with high adaptability) to improvement of the environment; and selecting by the three attributes (yield, stability, and adaptability) simultaneously .
HMGV, RPGV, and HMRPGV statistics predicted by BLUP have been used as measures for the interpretation of genotypic stability and adaptability of crops such as common bean (Carbonell et al., 2007) , sugarcane (Bastos et al., 2007) , cashew trees (Maia et al., 2009) , eucalyptus , rice (Neto et al., 2013) , and cowpea (Torres et al., 2016) . Thus, the aim of this study was to select, via mixed models, Jatropha progenies with high adaptability and stability that can be grown in three Brazilian regions.
MATERIAL AND METHODS
Progeny tests were installed in the Midwest, Southeast, and South of Brazil in February 2008 in the following municipalities: Planaltina-DF (Midwest), Nova Porteirinha-MG (Southeast), and Pelotas-RS (South). We evaluated 18 half-sib progenies (1, 2, ..., 18) in a randomized block design with three replications and five plants, arranged in line per useful plot. The genealogy of the progenies is detailed in Laviola et al. (2014) . Seedlings cultivated for about 60 days with 4 x 2 m spacing were used in the tests. Management practices were based on Dias et al. (2007) , with adaptations based on management of Jatropha in Brazil and worldwide Carels et al., 2013; Resende et al., 2013) .
We assessed the grain yield (11-12% moisture) in the agricultural year 2012/2013, corresponding to the third year of production of Jatropha. In the plots, the grain yield (kg/plot) was assessed and later converted into grain yield (kg/ha). Two to four harvests of mature fruits were performed owing to uniform ripening of the fruit in each evaluation region.
For assessing the G X E interaction effect and estimating genetic parameters, we used the statistical model predicted by Equation 1:
where y, b, g, c, and e correspond to the fixed effects of data vectors (blocks means across environments), genotype effects (random), genotype X environment effect (random), and random errors, respectively; X, Z, and W = incidence matrices for b, g, and c, respectively. Through this model, empirical BLUP predictors of genotypic values without interaction, given by î μ g  , where μ is the mean of all environments and î g is the genotypic effect without G X E interaction, were obtained. Selection was based in three selection strategies based on predicted genetic values considering 1) performance in each environment (with interaction effect); 2) mean performance of progenies in all environments (without interaction effect); and 3) simultaneous selection for grain yield, stability, and adaptability. 
where Vg sj is the mean genotypic value of the five progenies selected in the environment j, Vg j is the mean genotypic value of all progenies in the environment j, and 2 mĝ h is the heritability mean of the progeny.
For the second strategy, the prediction of Vg capitalizing the average interaction in different environments ( m ge ) was given by Equation 4:
The gain with selection of the best progenies according to strategy 2 was predicted by Equation 5:
where Vg s is the mean genotypic value of the five selected progenies in the mean environment, capitalizing on average interaction in different environments, Vg is the mean genotypic value of all progenies in the mean environment, and 
RESULTS AND DISCUSSION
The coefficient of variation was 23.39% (Table 1) , which is was similar to other studies conducted with Jatropha Wani et al., 2012; Brasileiro et al., 2013; Everson et al., 2013; Laviola et al., 2014; Teodoro et al., 2016a,b) . Since this is a quantitative trait with continuous distribution and complex inheritance influenced by the soil and climatic features of each environment, this value can be considered low, indicating good experimental precision. In another interpretation, higher values of the coefficient of genetic variation indicate that a substantial fraction of the genotypic variance was extracted from individual phenotypic variance. The accuracy in the selection of progenies obtained (91%) confirmed high experimental precision according to the rating of Resende and Duarte (2007) . Therefore, there is security and credibility in the selection and recommendation of Jatropha progenies investigated in this study.
According to Resende (2007) , the heritability mean of progeny is estimated when using means of blocks as evaluation and/or selection criteria. Thus, the value obtained (0.83) for this parameter indicates reliability in the selection of Jatropha progenies based on predicted genotypic values. The genotypic variance showed a higher magnitude compared to the variance of G X E interaction, which demonstrates predominance of genetic effects on growth performance of the progenies. This caused high values for coefficient of variation genetic, equivalent to 23.33% in relation to the overall mean, and 44% of the total phenotypic variability, represented by heritability mean of progeny. Results in similar magnitude were observed by Maia et al. (2009) , Rosado et al. (2012) , and Laviola et al. (2012) , who estimated genetic parameters via REML/BLUP of cashew, eucalyptus, and Jatropha clones, respectively.
The variance of G X E interaction can inflate the phenotypic expression of a trait, especially those polygenic as grain yield, controlled by many small effect genes on the phenotype. This parameter quantifies the fraction of the total variation due to G X E interaction. Estimates of variance of genotype X environment interaction can be considered low, corresponding to 12.70% of the total phenotypic variation, favoring high genotypic correlation (genotypic correlation across environments equal to 0.77) among the environments.
Phenotypic value corresponds to the values obtained in the field evaluations, which are influenced by genotypic effect, effect of environment and of G x E interaction. In this last, the sum of genotypic variance, of the residual variance between plots and variance of G X E interaction results in individual phenotypic variance. Residual dispersion between plots represented 43.75% of this value, indicating that significant genetic progress has been achieved. Results in magnitudes higher than reported in this study were observed by Maia et al. (2009 , who used mixed models to evaluate the G X E interaction effects on cashew and eucalyptus clones, and observed that the residual variance between plots representing 66.51 and 65.04% respectively of individual phenotypic variance.
The genotypic correlation across environments indicates the reliability of the order of the best progenies in the tested environments. Generally, small changes were observed in the ordering of genotypes, because of the median magnitude of genotypic correlation across environments (0.77) and higher accuracy in the selection of progenies (0.91). This indicates the occurrence of simple fraction of G X E interaction, favoring the selection of broader adaptation progenies. However, it can be verified in Table 2 that there were changes among the five best selected progenies in each environment and in the mean environment (capitalizing the mean interaction in different environments). This indicates that, despite the high magnitude of the genotypic correlation across environments and low variance of G x E interaction, recommendations based on the mean of environments would not be the best strategy. By analyzing progeny 10, although among the five best in the environment mean, it had a performance lower than that of other progenies in Planaltina-DF and Nova Porteirinha-MG. The progenies 4, 11, and 3 showed the best gain estimates with selection in all environments and medium environment (Table 2) . Genetic gain obtained with selection of the best five genotypes in each environment (selection strategy 1) and mean environment (selection strategy 2) was higher than 17%. These genotypic values can also be considered for recommendations of these progenies selected in other environments with G X E interaction standard similar to that found in this study. According to Maia et al. (2009) , this is because the mixed model methodology penalizes predicted genotypic values. Thus, the same performance of genetic means ˆ( ) g m + of the grain yield is expected when the above progenies are subjected to environments with features similar those of this study.
The best five progenies (4, 11, 3, 10, and 5) according to the genotypic value for the environment (selection strategy 2) were also the best according to selection strategy 3, where adaptability (RPGV) and adaptability and stability (HMRPGV) are simultaneously capitalized (Table 3 ). According to Maia et al. (2009) , capitalization of a G X E interaction depends on the selection of the progenies with greater adaptability and stability to the environments evaluated. In this context, these progenies must maintain the same level in environments with a standard G X E interaction similar to this study because they respond favorably to environmental influences and have high predictability to environmental changes. Maia et al. (2009 ), Neto et al. (2013 ), and Torres et al. (2016 verified the maintenance in ordering of cashew clones, rice, and cowpea genotypes, respectively, by strategies 1 and 2 used in this study, and they attributed such results to genotypic correlation across environments, which was positive and of similar magnitude to that observed in this study.
One of the main advantages of the adaptability and stability method employed in this study is to provide the results in the unity of assessed trait. Thus, it is possible to predict the gain with selection from values of HMRPGVm. Gain with the selection of the best progenies by strategy 3 was similar to that of other selection strategies. Therefore, based on the three Values in bold correspond to the five most productive progenies in each environment.
selection strategies used in this study, the progenies 4, 11, and 3 (selected in all environments, mean environment, and by adaptability and phenotypic stability methods) are the most suitable for cultivation in the three regions evaluated. Although the mixed model methodology does not require a specific number of environments for analysis of the G X E interaction, it is important that the evaluation of these genotypes in a greater number of environments in each region be conducted to provide further accurate results. 
